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ABSTRACT
We present the Bright SHARC (Serendipitous High{Redshift Archival ROSAT
Cluster) Survey, which is an objective search for serendipitously detected extended
X-ray sources in 460 deep ROSAT PSPC pointings. The Bright SHARC Survey covers
an area of 178.6 deg2 and has yielded 374 extended sources. We discuss the X-ray
data reduction, the candidate selection and present results from our on{going optical
follow-up campaign. The optical follow-up concentrates on the brightest 94 of the 374
extended sources and is now 97% complete. We have identied thirty-seven clusters of
galaxies, for which we present redshifts and luminosities. The clusters span a redshift
range of 0.0696 < z < 0.83 and a luminosity range of 0.065 < Lx < 8.3  1044 erg s−1
[0.5-2.0 keV] (assuming H0 = 50 km s−1 Mpc−1 and q0 = 0.5). Twelve of the clusters
have redshifts greater than z=0.3, eight of which are at luminosities brighter than
Lx = 3 1044 erg s−1. Seventeen of the 37 optically conrmed Bright SHARC clusters
have not been listed in any previously published catalog. We also report the discovery
of three candidate \fossil groups" of the kind proposed by Ponman et al. (1994).




Clusters of galaxies play a key role in constraining cosmological models. It has been shown
(e.g.Oukbir & Blanchard 1992; Carlberg et al. 1997; Henry 1997; Sadat et al. 1998; Viana & Liddle
1999) that measurements of the cluster number density, and its evolution, play an important
role in the derivation of the mean mass density of the Universe, Ωm. At present, there is a
large dispersion in the values of Ωm derived from measurements of the cluster number density;
e.g.Ωm = 0.2+0.3−0.1 (Bahcall & Fan 1998), Ωm = 0.4
+0.3
−0.2 (Borgani et al. 1999), Ωm = 0.50.14 (Henry
1997), Ωm = 0.850.2 (Sadat et al. 1998), Ωm = 0.96+0.36−0.32 (Reichart et al. 1999).
To fully exploit clusters as cosmological tools one needs to have access to large, objectively
selected, cluster catalogs which cover a wide redshift range. Most cluster catalogs constructed
prior to 1990 had a very limited redshift range and were not constructed in an objective manner
(e.g.Abell 1958; Abell, Corwin & Olowin 1989). However, recent developments, such as CCD
mosaic cameras, optical plate digitizers and imaging X-ray satellites, have resulted in a growing
number of high quality cluster catalogs. These include optically selected cluster samples derived
from digitized plate material, e.g. the EDCC (Lumsden et al. 1992) and the APM (Dalton et
al. 1994), or from CCD imaging surveys, e.g. the PDCS (Postman et al. 1996) & the ESO Imaging
Survey (Lobo et al. 1998). X-ray selected cluster samples derived from imaging X-ray satellite
data include those from the Einstein mission, e.g. the EMSS cluster sample (Gioia et al. 1990), and
those from the ROSAT (Truemper et al. 1993) mission.
The various ROSAT cluster catalogs divide into two categories; those based on ROSAT All-Sky
Survey (RASS) data and those based on ROSAT pointing data. The former category includes
the SRCS (Romer 1995), XBACS (Ebeling et al. 1996), BCS (Ebeling et al. 1998), REFLEX (De
Grandi et al. al 1999a; Bohringer et al. 1998) and NEP (Gioia et al. 1998) surveys. Examples of
surveys based on ROSAT pointing data are the SHARC (Collins et al. 1997); RIXOS (Castander
et al. 1995); RDCS (Rosati et al. 1998); WARPS (Jones et al. 1998) and 160deg2 (Vikhlinin et
al. 1998a) surveys. The ROSAT instrument of choice for cluster surveys has been the PSPC, which
combines imaging capabilities, a large eld of view (2 in diameter), low background contamination
and some spectral resolution. The angular resolution of the ROSAT PSPC is better than that of
Einstein, allowing one to take advantage of the extended nature of cluster emission to distinguish
clusters from X-ray point sources, e.g.AGN and quasars. Moreover, the enhanced sensitivity of
ROSAT over Einstein means that ROSAT cluster surveys can reach fainter flux limits than the
EMSS.
The RASS surveys have yielded several important insights into the clustering properties (Romer
et al. 1994) and evolution (Ebeling et al. 1997; De Grandi et al. 1999b) of the z < 0.3 cluster
population. At higher redshifts, the ROSAT pointing data surveys have shown that there is no
evidence for evolution in the cluster population at luminosities fainter than Lx = 5  1044 erg
s−1 [0.5-2.0 keV] and redshifts less than z ’ 0.7 (Nichol et al. 1997; Burke et al. 1997; Collins
et al. 1997; Vikhlinin et al. 1998b; Rosati et al. 1998; Jones et al. 1998; Nichol et al. 1999). At
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brighter luminosities, the 160deg2 and Bright SHARC surveys, have provided evidence for negative
evolution (Nichol et al. 1999; Vikhlinin et al. 1998b) similar to that seen in the EMSS cluster
sample (Henry et al. 1992; Reichart et al. 1999).
The SHARC (Serendipitous High{Redshift Archival ROSAT Cluster) survey was designed to
optimize studies of X-ray cluster evolution and combines two complementary surveys; a narrow
area deep survey and a wide area shallow survey. The former, known as the Southern SHARC, has
been described elsewhere, Collins et al. 1997; Burke et al. 1997. We introduce the latter survey, the
Bright SHARC, here. Unlike the Southern SHARC, the philosophy of the Bright SHARC has been
to achieve maximum areal coverage rather than maximum sensitivity. The Bright SHARC survey
covers a total area of 178.6 deg2 and has yielded a catalog of 37 clusters with fluxes 1.6310−13
erg s−1 cm−2. In contrast, the Southern SHARC survey covers only 17.7 deg2, but has yielded a
catalog of 36 clusters with fluxes 4.6610−14 erg s−1 cm−2.
We describe below the reduction of the 460 ROSAT PSPC pointings in the Bright SHARC survey
(x2), our source detection methodology (x3) and the selection and optical follow-up of cluster
candidates (x4 & x5). In sections x6 and x7 we present and discuss the Bright SHARC cluster
catalog. Throughout this paper we use H0 = 50 km s−1 Mpc−1 and q0 = 0.5 and dene f−13 and
L44 to be the unabsorbed flux (observer frame) and luminosity (rest frame) in the [0.5-2.0 keV]
energy band in units of 10−13 erg s−1 cm−2 and 1044 erg s−1, respectively.
2. Transfer and Reduction of ROSAT PSPC Pointing Data
The pointed PSPC data used in the construction of the Bright SHARC was obtained from the
HEASARC ROSAT data archive using an automated FTP process over a period of two years
starting in June 1995. The criteria used to select data from the archive were: i) a listed exposure
time greater than 10ksecs and ii) an absolute Galactic latitude greater than 20 degrees. Based on
these criteria, 638 PSPC pointings were transferred to local machines and then reduced using a
pipeline processing based on the Extended X-ray Analysis Software (EXAS) package (Snowden et
al. 1994).
An overview of our pipeline is as follows. First, the raw data were sorted into good and bad time
intervals. Bad intervals were dened as those in which the background level was higher than 170
counts s−1. Data obtained during bad intervals were discarded. The remaining data were binned,
as a function of position, into seven dierent energy bands {which Snowden et al. (1994) dene as
R1 through R7{ to produce seven 512512 pixel maps with a pixel scale of 1400.947. The 5 highest
energy bands, R3 through R7, were then co-added to produce a hard band [0.4-2.0 keV] count
rate map for each pointing. Accompanying each count rate map was a count rate uncertainty map
and a vignetting corrected exposure map.
For each of the 638 pointings reduced by the EXAS pipeline, the ROSAT pointing name (column
1), the J2000 position (columns 2& 3), Galactic latitude in degrees (column 4), the exposure time
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in seconds (column 5) and pointing target (column 6) are listed in appendices A & B . Appendix
A lists the 460 pointings selected to form the Bright SHARC survey. Two points should be noted
about these 460 pointings. First, 371 of the pointings, those with 3 character extensions e.g. ‘n00’,
‘a01’ etc. , were processed after an important change was made to the Standard Analysis Software
System (SASS). This change eected those pointings for which the total exposure time was
broken up into more than one observation interval. After the change, each observation interval
was analyzed separately, whereas before the change they were analyzed together. Of these 371
pointings, only 45 have more than one observing interval. For simplicity we decided to include
only the longest observing interval in our analysis. Second, the Bright SHARC survey does not
include the central 2.05 radius region of PSPC (see x4). This means that we were able to include
several pointings in the survey which had intrinsically extended central targets, e.g. galaxies and
clusters { as long as those targets did not extend beyond 2.05. We discuss cases where Bright
SHARC clusters are detected in pointings with cluster targets in Table 2 and x7.2.
The 178 pointings listed in appendix B were not included in the Bright SHARC because either
an extended X-ray (or optical) source covers most of the eld of view, or the pointing is within
< 6) of the Magellanic clouds. Extended X-ray and optical objects include low redshift Abell
clusters and Galactic globular clusters. The pointings listed in Appendix B were removed after
visual inspections of the reduced X-ray data and the Digitized Sky Survey. Despite its subjective
nature, this procedure does not undermine the serendipitous nature of the SHARC survey, since it
was performed before the cluster candidate list was constructed. We have indicated in column 7
of appendix B why each pointing was rejected from the survey.
3. Source Detection
Our source detection algorithm was based on wavelet{transforms (Slezak et al. 1990). For
our purposes, we required a detection algorithm which (i) was sensitive to both extended and
point{like sources, (ii) worked in crowded elds and (iii) took into account a varying background
level. Moreover, we wanted our method to be as simple as possible, so that we could dene
our selection function a posteriori using simulations. With these concerns in mind, we chose to
convolve the PSPC count rate maps with a spherically symmetric, \Mexican-hat" wavelet. This
wavelet, in one dimension, is given by:






and is the second derivative of a Gaussian (Slezak et al. 1990) of width σ = a. The radially
averaged point-spread function of the ROSAT PSPC can be approximated to a Gaussian (Hasinger
et al. 1992), so this wavelet is well suited to the detection of sources in PSPC images. An additional
attraction of this wavelet is that it can be used to determine the extent of a source, since it has a
width of 2  a at its zero{crossing points. A wavelet transform of a PSPC count rate map will,
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therefore, produce a wavelet coecient map in which all the sources are bounded by a ring of zero
values. The diameter of these zero crossing rings provides a direct measure of the source’s extent
in wavelet space.
Ideally, \a" should be scaled logarithmically to provide statistically independent wavelet images
over the whole range of real and k{space. For any given source, the wavelet coecient will have
a maximum when the value of \a" matches the sigma of the best t Gaussian. However, the use
of multiple wavelets would make a posteriori simulations of the selection function very complex
and CPU intensive. We therefore decided to use only one wavelet convolution (a = 3 pixels or
4500) in our source detection pipeline. This particular wavelet was found, empirically, to be the
best compromise between smaller wavelets, which tended to fragment extended sources, and larger
wavelets, which tended to blend neighboring sources. The penalty for this simplication was the
inclusion of some blended sources in our extended candidate list (x5) and underestimated cluster
count rates (x6.1).
Sources were identied in the wavelet coecient map by selecting pixels with coecients above a
given threshold. This threshold was set, empirically, to be 7 sigma above the peak of the coecient
distribution. The thresholding technique only highlights the cores of each source, since that is
where the wavelet coecients are highest, so a \friends{of{friends" analysis was run to identify
other associated pixels. This was done by growing the sources outwards in the wavelet coecient
map until they reached the zero crossing ring. Once the source boundaries were dened, best t
centroids and ellipses were computed. A lling factor was also derived for each source. This was
dened as ratio of the area within the tted ellipse to the area within the zero{crossing boundary.
For f = 1, the ellipse ts the source shape exactly, while f >> 1 indicates the presence of blended
sources (dumb-bell shapes) or percolation runaways (lamentary shapes).
In total, 10,277 sources were detected in the 460 pointings. To keep track of all of these sources,
and their boundaries, a mask le was generated for each pointing so that pixels associated with
sources could be distinguished from those that were not. For each source, a 51  51 pixel box,
with the source at its center, was extracted from the count rate map. An average background for
the box was calculated using all pixels not flagged as belonging to sources. The count rate for the
central source was then derived by subtracting this background (appropriately scaled) from the
sum of the pixels enclosed by the source boundary. We used this method because it was easy to
apply to the thousands of sources detected in the Bright SHARC Survey. (We will refer to the
count rates derived in this manner as \wavelet count rates", crW , hereafter.) However, the method
has the disadvantage of underestimating the true count rate if the source is extended beyond the
wavelet boundary (in x6.1 we describe an alternative method used to derive count rates for known
clusters). An approximate signal-to-noise value for each source was also calculated using the count
rate uncertainty maps produced by EXAS.
It should be noted that certain pixels, those which received less than half the exposure time of the
central pixel in the count rate maps, were not included in the \friends{of{friends" analysis. Such
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pixels included those in the shadow of the PSPC window support structure and those at the edge
of the eld of view. These regions, which are noisier than those that were well exposed, were not
used to dene source centers, shapes or wavelet count rates.
4. Selection of Cluster Candidates
The majority of X-ray sources can be considered point like in their spatial properties, e.g. stars and
AGN. In the minority are objects with complex and extended X-ray proles, such as supernova
remnants, galaxies and clusters of galaxies. Of these, only clusters are large enough and bright
enough to be detected as extended beyond z ’ 0.1. Therefore the strategy adopted by the SHARC
has been to search for clusters only among those ROSAT sources that have a signicant extent.
This reduces the required optical follow-up signicantly. The disadvantage of this approach,
however, is that some clusters, e.g. those with compact surface brightness distributions, may be
excluded from the survey.
Bright SHARC Cluster candidates were selected from the 10,277 sources found in the survey using
the following six criteria: The source had to (i) have a signal-to-noise ratio greater than 8, (ii) its
centroid had to fall within 90 pixels (220.4) of the pointing center, (iii) its centroid had to fall more
than 10 pixels (20.5) from the pointing center, (iv) its lling factor had to be less than f = 1.3,
(v) it had to be more than 3σ extended and (vi) it have to have a count rate higher than 0.01163
counts s−1. The imposition of these criteria cut down the source list from 10,277 (total) to 3,334
(criterion i) to 1,706 (criterion ii) to 374 (criteria iii to v) to 94 (criterion vi). Criterion (i) was
imposed because it has been shown (Wirth & Bershady 1999) that extent measures can only be
derived with condence for sources meeting a minimum signal-to-noise threshold. Criterion (iii)
was applied to avoid including the intended target of the pointing in the candidate list. Criterion
(iv) was set empirically with the aim of reducing the number of blended sources and percolation
runaways in the candidate list. The rationale for the other criteria is provided below.
The point-spread function of the PSPC degrades signicantly as one moves out from the center
of the detector (Hasinger et al. 1992). It therefore becomes increasingly dicult to distinguish
extended sources from point sources as the o-axis angle increases. To overcome this, we used all
3334 of the S/N>8 sources in our survey to study statistically how source size varies as a function
of position on the PSPC. The method used has been described previously (Nichol et al. 1997), but
we include an overview here for completeness. Figure 1 shows the distribution of source size (as
dened by the lengths of the major and minor axes of the best t ellipses) as a function of o-axis
angle. After collecting these data into 10 pixel bins, we were able to determine how the mean and
FWHM of the distribution varied with o-axis angle. (Beyond an o-axis angle of 90 pixels, the
dispersion in source sizes became too large to dene a reliable FWHM, hence the imposition of
criterion ii). Under the assumption of a Gaussian distribution, the FWHM values were converted
into sigma values and a three sigma curve was determined by tting a 4th order polynomial to
the [mean+3σ] values. A source was dened to be extended if it had a major and/or a minor axis
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more than 3σ from the mean.
In total, 374 sources were found to meet criteria (i) through (v). These are listed in Appendix
E in right ascension order. We note that duplicate entries, e.g.RX J0056.5{2730 { which was
detected in two pointings, wp700528 and rp701223n00 { have not been excised from this list. The
fluxes for these 374 sources (assuming thermal spectra see x6.2) range from 0.2 < f−13 < 40. In
the interests of completing the optical follow-up in a timely fashion, it was decided to concentrate
only on the brightest of these 374. An arbitrary count rate cut (crW > 0.01163) was imposed to
reduce the sample size to roughly 100 (criterion vi). At the redshift of the most distant cluster
in the EMSS sample (z=0.81), this count rate corresponds to a luminosity of ’ 3.9L44, which
is approximately equal to locally determined values of L?, e.g.L?=5.7L44 (Ebeling et al. 1997),
L?=3.8L44 (De Grandi et al. al 1999a).
The total areal coverage of the Bright SHARC survey is 178.6 square degrees. This value was
determined by calculating the area available for candidate detection in each of the 460 pointings
in the survey. This area includes all pixels at radii greater than 20.5 and less than 220.4 which (i)
had exposure times more than half that of the central pixel and (ii) did not overlap pixels in a
higher exposure pointing. (There were 21 pairs of pointings with some overlap between them.)
5. Identification of Extended Sources
We present the 94 unique5 extended sources in the Bright SHARC survey in Table 1 and Appendix
C . For each candidate, we provide the source name (column 1), its J2000 position (column 2
& 3), the wavelet count rate [0.4-2.0 keV] (crW in units ot 1  10−2 counts s−1 column 4), the
pointing in which it was detected (column 5), the source type (column 6), and the method used to
identify the source (column 7). Alternate source names and redshifts (where available) are listed
in column 8. We note that Abell clusters (Abell 1958; Abell, Corwin & Olowin 1989) are denoted
by ‘A’. Likewise for EMSS sources (‘MS’, Stocke et al. 1991), 160 deg2 clusters (‘V’, Vikhlinin et
al. 1998a, V98 hereafter), Hickson groups (‘HCG’, Hickson 1982) and Zwicky clusters (‘Z’,Zwicky
et al. 1968). When an object is listed in more than one catalog, we have defaulted to the name
given in the older catalog, e.g. for RX J0237.9 we have listed the number (A3038), not the V98
number (V28).
In Appendix C , we present small (60.6  60.6) Digitized Sky Survey (DSS) images of each of the
94 extended sources listed in Table 1. The source outlines, as dened by our friends-of-friends
analysis are overlaid on these images. We note that the source centroids were dened in a weighted
fashion and do not necessarily coincide with the geometric center of the source outline. No external
astrometric solution was applied before making these DSS images, because the expected pointing
oset is much smaller (< 600) than the typical size of one of our extended sources. In some cases it
5Duplicate entries for RX J0237.9{5224 and RX J1211.2+3911 have been removed.
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was possible to identify the source using the DSS images alone. For example, the X-ray emission
from source RX J0324.6-5103 is clearly associated with a bright star (HD21360). This source
was flagged as extended because emission from the star was blended by the friends-of-friends
analysis with the (fainter) emission from a neighboring point source. (The X-ray surface brightness
contours for this source show a secondary peak centered on the faint DSS object to the lower left
of the source outline.) In other cases, the source outline, and/or the surface brightness contours,
are indicative of blended emission but no obvious counterpart could be found on the DSS images,
e.g.RX J0947.8+0741. When the DSS (or X-ray) images played a role in the identication of a
source, a ‘D’ (or ‘X’) is listed in column 7 of Table 1.
A search of the NASA/IPAC Extragalactic Database (NED) has also provided useful information
for several of the Bright SHARC extended sources, including some cluster redshifts e.g. for RX
J1204.0+2807 (MS1201.5, Gioia et al. 1990). Where NED yielded information used during the
source identication, an ‘N’ is listed in column 7 of Table 1.
Optical follow-up of Bright SHARC extended sources has been carried out at a number of
telescopes; the 3.5m ARC telescope at Apache Point Observatory, the Danish 1.5-m and
3.6-m telescopes at the ESO Southern Observatories, the 1.5-m telescope at the Cerro Tololo
Inter-American Observatory, the 3.6-m Canada France Hawaii Telescope on Mauna Kea and the
4-m Mayall telescope at Kitt Peak National Observatory. Optical follow-up includes CCD imaging,
long slit spectroscopy and multi-object spectroscopy. Of the 94 extended sources, to date 57 have
CCD images and 51 have been the target of spectroscopic follow-up. A ‘C’ in column 7 of Table 1
indicates that a CCD image is available, whereas an ‘S’ indicates spectroscopic follow up by the
SHARC collaboration and an ‘O’ indicates that spectroscopy came from private communications.
To date, 91 of the 94 Bright SHARC extended sources have been identied; 37 clusters, 41 blends,
9 galaxies and 3 galaxy groups. Redshifts for the clusters, galaxies and groups are listed in column
8. We note that the distinctions between galaxies and groups (see x7.4), and between groups and
clusters, are not absolute at the low luminosity end. For the 12 extended objects (9 galaxies and 3
groups) at redshifts less than z = 0.05, we based our classications on the information provided
by NED.
6. The Bright SHARC Cluster Sample
The thirty-seven clusters in the Bright SHARC are listed in Table 2. For each cluster, we list the
source number (column 1), the cluster redshift (column 2), the Galactic column density (in units
of 11020 cm−2, column 3), the major and minor axes (in units of 14.00947 pixels, columns 4 & 5),
the oaxis angle of the cluster centroid (in units of 14.00947 pixels, column 6), the wavelet (crW )
and total (crT ) count rates [0.4-2.0 keV] (in units of 1  10−2 counts s−1, columns 7 & 8), the
percentage error on crT (δcrT , column 9), the aperture containing 80% of the flux from a model
cluster prole (r80, column 10, see x6.1), the fraction of that aperture used to measure the cluster
count rate (f80, column 11), the total flux [0.5-2.0 keV] (f−13, in units of 110−13 erg s−1 cm−2,
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column 12), the corresponding luminosity (L44, in units of 11044 erg s−1, column 13), and the
temperature used to derive the flux and luminosity (T, in units of keV, column 14). Various notes,
including alternative cluster names and pointers to the information on the pointing target (if that
target was a cluster) are given in column 15.
The redshift distribution (¯z=0.266) for the 37 Bright SHARC clusters is shown in Figure 3. The
highest redshift, and most luminous, cluster in the sample is RX J0152.7 (z=0.83). The lowest
redshift cluster in the sample is RX J0321.9 (z=0.0696). Twenty-one of the redshifts in Table
2 are presented here for the rst time. These 21 include 17 clusters which have not been listed
before in any published catalog and 4 clusters from the 160 deg2 survey (V98). We describe below
how the count rates (x6.1) and fluxes/luminosities (x6.2) were derived.
6.1. Total Cluster Count rate Derivation
The method described in x4, to measure wavelet count rates for all 10,277 sources in the Bright
SHARC survey, was adopted because it was easy to apply to large numbers of sources. However,
the method is not optimal for measuring cluster fluxes. This is because no correction is made
for cluster flux falling outside the zero crossing boundary. Moreover, when a portion of a cluster
overlaps a masked out region (e.g. regions in the shadow of the support struts), the flux from that
region will not be included in the count rate. Therefore, for the 37 sources identied with clusters
of galaxies, we have performed a second count rate determination based on the method adopted
by Holden et al. (1997). For each of the clusters, we derived an aperture for the flux measurement





where I is the surface brightness at radius r. We used values for the slope (β = 0.67) and core
radius (rc = 250 kpc) which are typical for rich clusters (Jones & Forman 1992) and then converted
the model from physical units to angular units using the cluster redshift. The cluster models were
convolved with the appropriate o-axis PSPC PSF (Nichol et al. 1994a) so that the radius of a
circular aperture, r80, which contained ’80% of the total model flux could be dened (for β = 23 ,
r80 =
p
24rc). The choice of r80 for the aperture represents a compromise between including a
high fraction of the cluster flux and keeping down the number of contaminating sources within the
region.
The 80% radii, r80, are listed in column 10 of Table 2, in units of 1400.947 pixels. Since these radii
could be quite large, up to 40 pixels, some of them overlapped other sources. If any r < r80 pixels
lay within the wavelet-dened boundary of another source, they were masked out from the cluster
aperture. Also masked were any pixels that received less than half the exposure time of the central
pixel in the count rate map. By reference to the cluster model, it was possible to correct for the
fraction of cluster flux lying in these masked regions and correct for them. In column 11 of Table
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2, we list the fraction of the 80% aperture available for flux determination, f80. The raw aperture
count rates for each of the 37 clusters were measured by summing the flux in the unmasked r < r80
pixels.
The corresponding background count rates were measured inside 120  120 pixel boxes centered
on the cluster position. The background levels were measured in annuli with minimum radii of
1  r80 and maximum radii 3  r80. If these annuli overlapped any source boundaries, any low
exposure pixels, or the edges of the 120  120 pixel box, the pixels in those regions were excluded
from the background calculations. In Appendix D we illustrate the masked out regions for the
source and background apertures for each of the 37 Bright SHARC clusters. After subtraction
of the appropriately scaled background, the total cluster count rates were derived by dividing by
(0.8  f80). The background subtracted, aperture corrected, total cluster count rates (crT ) are
listed in column 8 of Table 2. The one sigma errors on the total cluster count rates are listed in
column 9 of Table 2. These errors were calculated by adding in quadrature the counting errors
on the cluster count rates and the background count rates. We draw attention to three SHARC
clusters with anomalously high (> 15%) count rates errors; RX J0250.0, RX J1524.6, RX J1222.1.
These clusters have much lower signal to noise values inside the crT apertures than in the crW
apertures, demonstrating that the adopted cluster model (equation 2) signicantly over estimates
the size of the aperture which encircles 80% of the source flux. The count rate errors are quoted
as percentages since, in the absence of systematic errors in the count rate to flux/luminosity
conversions (x6.2), they should also reflect the percentage errors on the flux (f−13, column 12) and
luminosity (L44, column 13).
In Figure 2 we compare the initial wavelet count rates, crW (column 7), to the total aperture
corrected count rates, crT . It can be seen that, as expected, the total count rate is systematically
higher than the wavelet count rate. A least squares t to the clusters at redshifts greater than
z=0.15 shows that the total count rate is typically 2.1 times higher than the wavelet value. At
lower redshifts, the correction is higher because the clusters are signicantly more extended than
the σ = 3 pixel wavelet we used for source detection. It is encouraging that the wavelet count rate
appears to be an unbiased measure of the total cluster count rate, since we have used the crW
values to dene the flux limit of the Bright SHARC Survey.
6.2. Luminosity Derivation
We used the crT count rates listed in column 8 of Table 2 to determine fluxes and luminosities
for each cluster. We note that we chose to present the fluxes and luminosities in the [0.5-2.0 keV]
band, rather than in the Bright SHARC count rate band [0.4-2.0 keV], to allow easier comparison
with other studies. Since the ROSAT PSPC provides only limited spectral resolution, we had
to assume a spectral model for each cluster to make the conversion between measured cluster
count rate and unabsorbed flux. As is typical in X-ray cluster analyses, we adopted an emission
spectrum from hot, diuse gas based on the model calculations of Raymond and Smith (Raymond
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& Smith 1977). The integrated emission from a Raymond-Smith spectrum in the SHARC energy
band (observer’s rest frame) depends on several factors; the metallicity and temperature of the
gas, the redshift of the cluster, and the absorption column along the line of sight. This means that
the conversion between measured aperture count rate and cluster luminosity is non trivial and
must take into account the specic properties of each cluster. We note that, in most cases, the
dominant source of error in the derived luminosities comes from the count rate uncertainty, which
rises to 30% in the case of RX J1524.6. However, for those clusters with well determined count
rates (30 clusters have count rate errors of less than 10%) it is worth making the extra eort to
reduce the systematic errors in the conversion between count rates, fluxes and luminosities.
We have constructed a matrix of count rate to flux conversion factors as a function of temperature,
redshift and absorbing column. (A single, canonical, value for the metallicity { one third the Solar
value { was used throughout.) The conversion factors were derived using the fakeit command in
XSPEC (version 10.00, Arnaud et al. 1996) together with the appropriate ROSAT PSPC response
function. Photo-electric absorption was included via the XSPEC wabs model, which is based
on cross sections presented in Morrison & McCammon (1983). The neutral Hydrogen column
densities adopted for each cluster are listed in column 3 of Table 2. These values were derived
using the AT&T Bell Laboratories 21 cm survey (Stark et al. 1992), for clusters north of −40,
and the values presented in Dickey & Lockman (1990) for clusters at lower declinations. In order
to sample the observed distribution of cluster redshifts and column densities, and the expected
distribution of cluster temperatures, we derived conversion factors over the following ranges; (i)
0.06 < z < 0.86 (in increments of δz = 0.05), (ii) 0<nH<201020 cm−2 (in increments of 1 1020
cm−2), and (iii) 1<T<12 keV (in increments of 1 keV). (When a cluster redshift or column density
was not exactly matched by one of the matrix entries, linear interpolation was used.) As expected,
the count rate to flux conversion varied most rapidly along the column density axis of this matrix,
however changing the redshift also had a measurable eect (by a factor of ’ 2 over the range
0.08< z <0.8). Estimates of the bolometric6 and k-corrections were also derived, as a function of
temperature, using XSPEC.
The luminosity derivation included an iteration to obtain an estimate of the X-ray temperature
for each cluster, using the luminosity{temperature (L-T) relation presented in Arnaud & Evrard
(1999). From a starting point of T=6 keV an initial [0.5-2.0 keV] luminosity was derived. This
luminosity was then converted into a pseudo bolometric luminosity, so that a temperature estimate
(to the nearest integer in keV) could be derived. The new temperature was used to select a second
count rate to flux conversion from the matrix and the process was repeated until convergence was
reached. The temperature used in the nal luminosity calculation is listed in column 14 of Table 2.
In the past, the luminosity-temperature (L-T) relation was not so well known and other groups
have adopted a single temperature, usually 6 keV, for their luminosity calculations. Using the
6An energy range of 0.01-50 keV was used to calculate the (pseudo) bolometric corrections, which were found to
be in excellent agreement with those presented in Figure 2 of Borgani et al. 1999.
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Arnaud & Evrard (1999) L-T relation, 6 keV corresponds to a cluster of L44 ’ 6. Most of
the clusters in Table 2 are signicantly fainter than this, meaning that the use of a canonical
temperature will yield inaccurate results, especially for the lowest luminosity clusters. This is
illustrated by the faintest (and hence, coolest) cluster in our sample (RX J1524.6) which has
a luminosity of L44=0.065 when a temperature of T=1 keV is assumed and a luminosity of
L44=0.072 when a temperature of T=6 keV is assumed (an 11% eect). By contrast the eect
is smaller (5%) for the hottest cluster in our sample; RX J0152.7 has a luminosity of L44 = 8.26
when a temperature of T=9 keV is assumed and a luminosity of L44=8.65 when a temperature
of T=6 keV is assumed. It is worth mentioning that the L-T relation we use (Arnaud & Evrard
1999) was constructed from clusters known not to contain cooling flows. Another recent work
(Allen & Fabian 1998) combines both non-cooling flow and cooling flow clusters and ts a flatter
slope to the L-T relation (2.4 compared to 2.9). Unfortunately, the poor photon statistics of the
Bright SHARC cluster sample do not allow us to test for the presence of cooling flows and so our
choice of L-T relation will be inappropriate in some cases.
Finally, we note that the conversion between cluster count rate and cluster luminosity is a function
of the adopted values of Hubble’s Constant and the deceleration parameter and that we have used
H0=50 km s−1 Mpc−1 and q0=0.5 throughout.
7. Discussion
In a companion paper (Nichol et al. 1999, N99 hereafter) we use the Bright SHARC sample to
examine evolution in the X-ray cluster luminosity function (XCLF). Future papers will go on to
use these evolution results to constrain the density parameter Ωm. It is appropriate, therefore,
to discuss here some of the observational issues relevant to Ωm analyses. These issues include
systematic biases in the derived luminosities (x7.1) of the Bright SHARC clusters and any possible
contamination (x7.2), or incompleteness (x7.3) in the Bright SHARC catalog. We also discuss the
possible discovery of three \fossil groups" (x7.4) and our overlap with the 160 deg2 survey of V98
(x7.5).
7.1. Luminosity Bias in the Bright SHARC Cluster Sample
A systematic bias in our luminosities would result in an over (or under) estimate of the number
density of high luminosity systems. To investigate whether such a systematic bias exists, we have
compared the luminosities quoted in column 13 of Table 2 with published values for the six clusters
we have in common with the EMSS (Gioia et al. 1990): RX J1024.3 (MS1020.7 or A981), RX
J1204.0 (MS1201.5), RX J1211.2 (MS1208.7), RX J1222.1 (MS 1219.9), RX J1311.2 (MS1308.8),
RX J2258.1 (MS2255.7 or Z2255.5). We have chosen to compare our luminosities for these clusters
with those presented in Nichol et al. (1997, N97 hereafter), rather than those presented in Henry
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et al. (1992), for two reasons. First the luminosities quoted in N97 are in the ROSAT bandpass
[0.5-2.0 keV] rather than the Einstein bandpass [0.3-3.5 keV]. Second, the N97 study used the
SHARC pipeline to produce count rate maps. A comparison of the two sets of luminosities will,
therefore, show if the methodology outlined in sections x6.1 and x6.2 is robust (since a dierent
methodology7 was used in N97). We nd our derived luminosities to dier by 0% for MS1020.7,
1% for MS1201.5, 5% for MS1208.7, 26% for MS1219.9, 2% for MS1303.8 and 10% for MS1219.9.
These dierences are all smaller than 1 sigma errors on the EMSS count rates quoted in N97. We
note also that the luminosity we derive for RX J0152.7 is within 1% of the value derived by the
WARPS collaboration in Ebeling et al. (1999).
We have also compared the fluxes quoted in column 12 of Table 2 with published values for the
11 clusters we have in common with the 160 deg2 survey (V98, see x7.3). In Table 3, column
5, we present the ratio of Bright SHARC to V98 fluxes. We nd the Bright SHARC values to
be systematically higher than those measured by V98, with an average flux ratio of 1.18. To
understand this discrepancy, we have recalculated the Bright SHARC fluxes using the core radii
and redshifts presented in V98. Except for RX J1641.2, the V98 core radii are all smaller than
rc=250kpc and, by using their values, we bring the average flux ratio down to 1.01 (column 6).
We conclude that the methodology of sections x6.1 & x6.2 is robust, although it has the
disadvantage of over estimating the cluster flux if rc <250kpc. Planned XMM observations of ve
Bright SHARC clusters will provide higher angular resolution and signal-to-noise images together
with accurate estimates of the electron temperature. These observations will provide an important
test of the methods described in sections x6.1 & x6.2 since they allow us to (i) more accurately
excise contaminating sources in the cluster aperture, (ii) use tted, rather than canonical, values
for β, rc and the ellipticity, (iii) be less sensitive to errors in the background calculation and (iv)
improve our spectral dependent count rate to flux conversions.
7.2. Contamination of the Bright SHARC Cluster Sample
The thorough, multi-object, spectroscopic follow-up of the Bright SHARC extended source list
means that it is highly unlikely that any of the entries in Table 2 are mis-identied contaminants.
However, we stress that there are two clusters in that table which should not be used for studies
of the cluster XCLF because their detections are not truly serendipitous: RX J1024.3 and RX
J1541.1 were found in cluster pointings and lie at redshift separations from the pointing target
of δz < 0.002, or cz <600 km s−1. These clusters are probably associated with the pointing
target via the cluster correlation function (Romer et al. 1994; Nichol et al. 1994b). In addition,
we feel that RX J1222.1 (MS1229.9) warrants further study: This object is very compact, has a
7Dierences between Bright SHARC and N97 include the use of the IRAF PROS package to set background
apertures and the use of a constant temperature, T=6 keV, for k-corrections and count rate to flux conversions.
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large count rate uncertainty (x6.1) and Gioia & Luppino (1994) note that its central galaxy has
emission lines. It is possible, therefore, that the luminosity quoted in Table 2 is an overestimate
due to AGN contamination. (Although, it should be noted that the presence of emission lines
in the central galaxy could be attributed to cooling flow nebulosity or star formation, Crawford
et al. 1999.) We note that the three clusters highlighted here (RX J1024.3, RX J1222.1 & RX
J1541.1) have redshifts in the range 0.20 < z < 0.25 and so were not used in the N99 analysis
(which concentrated only on those clusters at z >0.3).
7.3. Incompleteness of the Bright SHARC Cluster Sample
There are three possible ways in which the Bright SHARC cluster sample might be incomplete.
First there are those clusters that did not meet our selection criteria. Second, there is a possibility
that some clusters were misidentied as contaminants. Third, there are the three extended sources
which have yet to be identied.
We are using simulations to understand how the adopted selection criteria (x4) eects the
completeness of the Bright SHARC cluster sample. We are in the process of carrying out a very
thorough investigation of our selection function by adding many thousands of fake clusters (one
at a time) to the pointings in our survey and then determining the fraction of these fake clusters
that would have been selected as Bright SHARC cluster candidates. These simulations will
provide us with the eciency of cluster detection as a function of cluster parameters (e.g. redshift,
luminosity, ellipticity, core radius etc. ) and operational parameters (e.g. exposure time, o-axis
angle, Hydrogen column density, central target etc. ). The results of these simulations will be
presented elsewhere (Adami et al. in preparation), but our preliminary ndings are described in
N99.
Let us now address possible cases where clusters might be misidentied as contaminants. We
discuss rst the two objects listed in Table 1 as blends of a cluster with another source, RX
J0318.2 & RX J2314.7. The former, RX J0318.2, is a blend of a cluster with a QSO. (The cluster
has the same redshift as the neighboring cluster RX J0318.8, z=0.37). The surface brightness
contours of RX J0318.2 are clearly dumb-bell shaped and so it has been possible to remove the
QSO contribution from the total count rate. This object was also discovered as part of the
Southern SHARC and Burke (1998) has determined the total count rate and luminosity of this
cluster to be crT =0.01362 count s−1 and L44 = 1.11 respectively. Therefore, this cluster would
not have made it into the Bright SHARC sample had it not been blended with the QSO and
its exclusion for Table 2 is justied. By contrast, the boundary between the cluster and M-star
emission for RX J2314.7 is blurred. Hence it is not possible to excise the M-star flux to see if the
cluster alone has a high enough count rate (and extent) to qualify as a Bright SHARC candidate.
If the M-star makes only a minimal contribution, less that 20%, to the total flux, then the cluster
should have been included in Table 2: Assuming that all the RX J2314.7 flux comes from the
cluster, the cluster would have a luminosity of L44=1.31.
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As stated above, three of the 94 Bright SHARC extended sources remain unidentied. If all
three were high redshift, high luminosity clusters, then there would be important implications for
cluster evolution. In N99, we predict that the Bright SHARC survey should include 4.9 clusters
with luminosities L44  5 in the redshift range 0.3 < z < 0.7 (based on a simple extrapolation of
the De Grandi et al. 1999b local XCLF). Since only 1 such cluster has been conrmed to exist in
the Bright SHARC (RX J1120.1), we conclude in N99 that there may be evidence for evolution
at luminosities brighter than L44 = 5. This evidence would eectively disappear if another 3
Bright SHARC clusters were added in this luminosity range. We stress, however, that it is very
unlikely all these objects are clusters with luminosities brighter than L44 = 5; the CCD images
of RX J0340.1 & RX J1705.6 are not consistent with the presence of distant clusters and RX
J1838.8 is in a crowded star eld (and so is most likely associated with a stellar X-ray source). We
conservatively estimate that one these objects may be a cluster, given that the ratio of clusters to
non-clusters among the other 91 identied sources is roughly 1:3. We have calculated that this
cluster would have to reside at z > 0.62, z > 0.57 or z > 0.51, for RX J0340.1, RX J1705.6 and
RX J1838.8 respectively, to have a luminosity greater than L44 = 5.
We also highlight candidate RX J1210.4. This object contains a QSO and has a compact X-ray
surface brightness prole. Even though most of the flux from this source is probably coming the
QSO, this object merits further study since a CCD image highlights a clustering of faint galaxies
around the bright central object. The redshift of this source (z=0.615) and its high count rate
(crW = 0.1430) mean that if more than 18% of the count rate from this source was coming from
an associated cluster, then this cluster would have a luminosity greater than L44=5.
For the various reasons outlined above, we have decided to continue the follow-up of the Bright
SHARC in a variety of ways. As a rst priority, we plan to identify the three remaining unidentied
Bright SHARC extended sources (RX J0340.1, RX J1705.6 and RX J1838.8). We also plan to
obtain identications for at least one portion of the seven \id-pending" blends listed in Table 1 and
to continue our campaign to obtain velocity dispersions for the Bright SHARC clusters. Moreover,
we hope to obtain higher resolution X-ray images of complex sources such as RX J1210.4, RX
J1222.1 and RX J2314.7, to help determine the contamination level.
7.4. Fossil Groups and Dark Clusters in the Bright SHARC Survey
We present evidence for the discovery of three new \fossil groups" (Ponman et al. 1994) or X-ray
Over-Luminous Elliptical Galaxies (OLEGs, Vikhlinin et al. 1999). These objects are predicted to
occur when a galaxy group relaxes to form a single elliptical galaxy. They are interesting because
they provide invaluable insight into the processes of elliptical galaxy evolution, metal enrichment in
the intra cluster medium, and the dynamics of extended dark halos (Mulchaey & Zabludo 1998).
Their observational signatures would be an isolated cD or giant elliptical galaxy surrounded by a
cool (T’1 keV), extended, X-ray halo. Two galaxies detected in the Bright SHARC survey appear
to share these properties; RX J1730.6 (NGC6414, z=0.05) and RX J0327.9 (UGC2748, z=0.03).
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Applying the same method used to obtain total cluster count rates (x6.1), we have measured their
luminosities to be L44=0.158 and L44=0.056 respectively8. In addition to these two galaxies, one
of the Bright SHARC clusters, RX J0321.9 (A3120, z=0.0696, L44 = 0.43), also appears to display
\fossil group" characteristics. We highlight these objects here since they are ideal targets for
follow-up studies at X{ray and optical wavelengths. We have estimated the \fossil group" space
density to be  2 10−6Mpc−3 under the assumption that the Bright SHARC is 100% ecient in
detecting extended sources in the redshift range 0.02 < z < 0.08 and at luminosities of L44 >0.1.
In addition to estimating the space density of \fossil groups", we can comment on the space density
of \dark clusters" or \failed clusters". These objects are theorized to have cluster-like masses, and
to radiate in the X{rays, but to have an under luminous galactic component (Tucker et al. 1995;
Hattori et al. 1997). We have successfully identied 91 of the 94 Bright SHARC extended sources
and have found no evidence for \dark clusters". To avoid detection in the Bright SHARC, these
objects either must have a lower space density than rich clusters and \fossil groups", or they must
be intrinsically faint and evolve rapidly (to avoid detection at low redshift). In either case, \dark
clusters" are unlikely to be a signicant contribution to the mass of the universe.
7.5. Comparison with the 160 deg2 Survey
As pointed out by N99, it may be possible to combine the Bright SHARC with the 160 deg2
survey (V98), to maximize the area available for high redshift cluster searches. The motivation for
this is demonstrated by Figure 3, which shows several gaps in the redshift coverage of our survey.
Even though we are able to nd high luminosity clusters out to at least z = 0.83, we nd none at
z ’ 0.5 or z ’ 0.7. The only way to guarantee more L44 > 3 cluster detections would be to search
over a wider area. The combination of the two surveys would yield a search area of ’ 260 deg2,
since only 44% (or ’ 78 deg2) of the Bright SHARC Survey overlaps with the 160 deg2 survey.
(There are 201 pointings in common between the 160 deg2 and Bright SHARC Surveys; Alexey
Vikhlinin, private communication).
There are 13 sources in common between the Bright SHARC and the 160 deg2 surveys. Of these
13, ve clusters have not been followed up spectroscopically by either survey but rely on literature
redshifts (RX J1010.29, RX J1204.0, RX J1211.2, RX J1311.2, RX J2258.1). An additional three
clusters have both Bright SHARC and V98 redshifts (RX J0849.1, RX J1406.9, RX J1701.3); with
the two redshifts being in agreement in all cases. We have also been able to provide spectroscopic
information for ve 160 deg2 sources which previously relied on photometric redshifts; RX J0237.9
(V28), RX J0947.8 (V75), RX J1418.5 (V159), RX J1524.6 (V170), RX J1641.2 (V183). We have
8Assuming an absorbed Raymond Smith spectrum with an electron temperature of T=1 keV.
9RX J1010.2 is not included in Table 2 because its redshift (z=0.045) is too low, i.e. z<0.07.
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identied RX J0947.8 as a blend, the main component of which is a QSO10 at z=0.63 (Burke 1998).
We conrm that the other four sources are clusters and we nd that the photometric redshifts
listed in V98 are good estimates of the true redshift, with the largest error being δz = 0.065 for
RX J1641.2. This cluster has been shown to be at z = 0.195, giving it a luminosity of L44 = 1.355.
It is not, therefore, a high redshift, high luminosity, cluster, as previously suggested by Vikhlinin
et al. (1998b), based on the upper limit of the estimated redshift (zest = 0.26+0.04−0.07).
In addition to the 13 sources described above, there are 90 other V98 clusters which were detected
in the 201 pointings common to the two surveys. Most of these clusters are too faint to have been
included in the Bright SHARC sample, only 9 have wavelet count rates greater than the Bright
SHARC threshold (crW = 0.01163). Seven of these 9 were not included in the Bright SHARC
because they did not meet our lling factor criterion (f < 1.3), one was detected at an oaxis
distance less than our threshold of 20.5 and one did not meet our extent criterion. Conversely, two
clusters (RX J0256.5 and RX J1311.8) in Table 2 are not listed in V98, despite falling in common
pointings, because they lie beyond the V98 oaxis limit of 170.5. These examples demonstrate how
diering survey selection criteria produce diering cluster samples and that detailed simulations
are required to determine a survey’s selection function.
There are eight conrmed L44 > 3 clusters in the Bright SHARC; RX J0152.7, RX J0256.5, RX
J0318.5, RX J0426.1, RX J1241.5, RX J1120.1, RX J1334.3, RX J1701.3. The presence of so many
L44 > 3 clusters in the Bright SHARC has allowed us to show that the XCLF is non-evolving up
to L44 ’ 5 (N99). It is important to note that, even after the combination of Bright SHARC and
160 deg2 surveys, the areal coverage available for high redshift cluster searches will still be only
about one third that of the EMSS at the bright end (Henry et al. 1992). This means that we will
probably have to wait until larger area surveys are made available from the XMM satellite (Romer
et al. , in preparation), to make denitive statements about XCLF evolution at L44 > 5.
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Fig. 1.| The distribution of major and minor axes for the 3,334 S/N>8 sources in the Bright
SHARC survey as a function of o-axis angle. The solid lines correspond to the tted three-sigma
extent curves; any sources falling above these lines are classied as extended. For illustration
purposes, we have plotted, as open diamonds, the points corresponding to the thirty-seven Bright
SHARC clusters on the major axis plot (the numerical values for these points can be found in Table
2).
{ 25 {
Fig. 2.| The wavelet count rate versus the total count rate for each of the thirty-seven clusters
in the Bright SHARC sample. The low redshift (z <0.15) clusters are indicated by circles. A least
squares t to the z > 0.15 clusters (diamonds) is shown by the dotted line (slope=2.1).












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Comparison of Bright SHARC and V98 Flux Measurements
Bright SHARC ID. V98 ID. Redshift f−13 Ratio1 Ratio2
RX J0237.9{5224 V28 0.1330 7.495 1.16 1.06
RX J0849.1+3731 V62 0.2300 2.525 1.72 1.48
RX J1204.0+2807 V112 0.1670 12.38 1.21 0.91
RX J1211.2+3911 V115 0.3400 3.163 1.19 0.83
RX J1308.5+5342 V132 0.3300 1.978 1.15 0.91
RX J1406.9+2834 V154 0.1170 4.085 1.58 1.22
RX J1418.5+2510 V159 0.2900 7.655 1.01 0.95
RX J1524.6+0957 V170 0.0780 2.371 0.78 0.83
RX J1641.2+8233 V183 0.1950 8.128 1.01 1.04
RX J1701.3+6414 V190 0.4530 3.965 1.03 0.92
RX J2258.1+2055 V213 0.2880 5.694 1.13 0.93
Average 1.18 1.01
Table 3: 1Ratios of the Bright SHARC fluxes (column 4) to the V98 fluxes. 2Ratios of the re-
calculated Bright SHARC fluxes to the V98 fluxes, see x7.1 for details.
